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MAGNETIC RECORDING AND/OR
REPRODUCING APPARATUS

BACKGROUND OF THE INVENTION

The present mvention relates to a magnetic recording,
and/or reproducing apparatus for recording and/or reproduc-
ing an information signal on/from a magnetic recording
medium by using a rotary head as well as a magnetic
reproducing apparatus for reproducing the imformation sig-
nal and more particularly to a magnetic recording and/or
reproducing apparatus for recording and/or reproducing
digital signals as well as a magnetic reproducing apparatus
for reproducing digital signals.

JP-A-8-194988 discloses a magnetic recording/
reproducing apparatus having the tracking function which is
stable 1n each mode, in a VIR for recording/reproducing
analog signals and/or digital signals which 1s compatible
with a conventional VIR for recording/reproducing analog,
signals. The magnetic recording/reproducing apparatus 1s
described as having a long time recording/playback mode
even 1n digital signal recording/reproduction.

In the long time recording/playback mode for digital
signals, however, the error rate 1s degraded when the track
pitch 1s narrowed similarly to the conventional long time
recording/playback mode for analog signals, raising a prob-
lem that correct reproduction cannot be carried out. Further,
the JP-A-8-194988 1n no way discloses the high rate
recording/reproducing play mode conformable to high-
vision video signals.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a magnetic
recording and/or reproducing apparatus which 1s compatible
with the conventional analog signal recording/reproducing,
VIR and which can realize long time recording and/or
reproduction for digital signals.

Another object of the present mmvention 1s to provide a
magnetic recording and/or reproducing apparatus which 1s
compatible with the conventional analog signal recording
and/or reproducing VIR and which can realize long time
recording/reproduction play and high rate recording/
reproducing play for digital signals.

According to one aspect of the present invention, a
magnetic recording/reproducing apparatus for recording/
reproducing a digital signal on/from a magnetic recording
medium by means of a rotary head, comprises a recording/
reproducing circuit for recording/reproducing the digital
signal, and a servo circuit for controlling the rotation of the
rotary head and the travel of the magnetic recording
medium, wherein during N-times long time recording, the
travel speed of the magnetic recording medium 1s set to 1/N
of that during normal recording by means of the servo circuit
to permit he recording/reproducing circuit to perform
recording every N scanning operations of the rotary head
and during N-times long time reproduction, the servo circuit
sets the travel speed of the magnetic recording medium to
1/N of that during normal recording and controls the travel
of the magnetic recording medium such that the level of a
reproduction signal reproduced every N scanning operations
of the rotary head at a predetermined timing 1s maximized to
permit the recording/reproducing circuit to reproduce the
reproduction signal at that time.

According to another aspect of the present invention, a
magnetic recording/reproducing apparatus for recording/
reproducing a digital signal on a magnetic recording
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medium by means of a rotary head, comprises the rotary
head mounted with a first head group including opposingly
disposed heads and a second head group including oppos-
ingly disposed N sets of heads, a recording/reproducing
circuit having N recording signal output terminals and N
reproduction signal mnput terminals, and a servo circuit for
controlling the rotation of the rotary head and the travel of
the magnetic recording medium, wherein the apparatus has

a first recording/reproducing play mode 1 which during
recording, a recording signal delivered out of one of the N

recording signal output terminals of the recording/
reproducing circuit 1s supplied to the first head group to
perform recording of one track through one scanning opera-
tion and during reproduction, a reproduction signal repro-
duced with the first head group at a rate of one track per
scanning operation 1s supplied to one of the N reproduction
signal mput terminals, and a second recording/reproducing
play mode 1 which during recording, N recording signals
delivered out of N recording signal output terminals of a
recording/reproducing circuit and amplifier are supplied to
the second head group to perform recording of N tracks
through one scanning operation and during reproduction, N
reproduction signals reproduced with the second head group
at a rate of N tracks per scanning operation are supplied to
the recording/reproducing circuit and amplifier to perform

reproduction.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing the construction of a

magnetic recording/reproducing apparatus of the present
invention.

FIG. 2 1s a diagram showing a recording pattern of one
track during recording of a digital signal.

FIG. 3 1s a diagram showing the structure of one block 1n
a data recording area of FIG. 2.

FIG. 4 1s a diagram showing the structure of data for one
track in the data recording area of FIG. 2.

FIG. § 1s a ttiming chart during recording of digital signals.

FIG. 6 1s a diagram showing a recording pattern on a
magnetic tape.

FIG. 7 1s a timing chart during three-times long time
recording.

FIG. 8 1s a diagram showing a recording pattern on the
magnetic tape.

FIG. 9 1s a timing chart during three-times long time
reproduction.

FIG. 10 1s a flow chart showing another embodiment of
the operation during long time reproduction.

FIG. 11 1s a block diagram of a system having the

magnetic recording/reproducing apparatus of the present
invention connected to a digital broadcasting receiver.

FIG. 12 15 a block diagram showing another embodiment
of the magnetic recording/reproducing apparatus according
to the mvention.

FIG. 13 15 a block diagram showing the construction of a
recording/reproducing amplifier of FIG. 12.

FIG. 14 1s a timing chart during double high rate record-
ing play for digital signals.

FIG. 15 1s a diagram showing a recording pattern on the
magnetic tape.

FIG. 16 1s a block diagram showing the construction of a
digital signal recording/reproducing circuit of FIG. 12.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present 1nvention will now be described by way of
example with reference to the accompanying drawings.
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Referring to FIG. 1, a magnetic recording/reproducing,
apparatus of the present mvention 1s constructed as sche-
matically shown therein. The apparatus for both of recording
and reproduction 1s illustrated 1n FIG. 1 but the present
invention may also be applicable to a recording apparatus
and a reproducing apparatus which are independent of each
other. The magnetic recording/reproducing apparatus com-
prises a rotary head 1, a recording/reproducing head 1a for
analog video signals mounted to the rotary head 1, a
recording/reproducing head 1b for analog audio signals and
digital signals mounted to the rotary head 1, a recording/
reproducing head 2 for a control (CTL) signal used for
tracking, a magnetic tape 3, a capstan 4 adapted to control
the travel of the magnetic tape 3, a recording/reproducing
amplifier 5a for performing recording/reproduction 1 asso-
cilation with the head 1a, a recording/reproducing amplifier
5b for performing recording/reproduction in association
with the head 1b, an analog signal recording/reproducing,
circuit 6 for performing recording/reproduction of analog
signals, a digital signal recording/reproducing circuit 7 for
performing recording/reproduction of digital signals, a servo
circuit 8 for controlling the rotary head 1 and the capstan 4,
a control circuit 9 for controlling the operation mode and the
like of the recording/reproducing apparatus, an analog signal
output terminal 10a, an analog signal mput terminal 10b, a
digital signal output terminal 11 and a digital signal 1nput
terminal 115b.

Firstly, the operation during normal recording/
reproduction will be described.

During recording of analog signals, an analog video
signal and an analog audio signal which are inputted from
the mput terminal 105 are converted into recording signals
by means of the analog recording/reproducing circuit 6.
Then, the analog video signal 1s amplified to a predeter-
mined level by means of the recording/reproducing amplifier
Sa and 1nputted to the head 1a so as to be recorded on the
magnetic tape 3. The analog audio signal 1s amplified to a
predetermined level by means of the recording/reproducing,
amplifier b and 1nputted to the head 15 so as to be recorded
on the magnetic tape 3. At that time, the servo circuit 8
controls the rotation of the rotary head 1 to bring it into
synchronism with a vertical synchronizing signal of the
video signal delivered out of the analog recording/
reproducing circuit 6. A CTL signal 1s recorded on the
magnetic tape 3 by means of the head 2 once a rotation of
the rotary head 1 at a predetermined timing.

During reproduction of analog signals, the servo circuit 8
controls the capstan 4 such that tracking can be optimized in
accordance with the level of CTL signal or reproduction
signal. Then, a video signal reproduced with the head 14 and
an audio signal reproduced with the head 1b are amplified by
the recording/reproducing amplifiers 5a and 5b,
respectively, and inputted to the analog recording/
reproducing circuit 6. These signals are subjected to prede-
termined processes 1n the circuit 6 and delivered out of the
output terminal 10a.

In a long time recording/playback mode during analog
recording/reproduction, the recording/reproducing opera-
tion 1s the same as that during normal recording/
reproduction with the only exception that the travel speed of
the magnetic tape 3 1s decreased, that 1s, the track pitch is
narrowed.

During recording of digital signals, a digital signal input-
ted from the input terminal 115 1s converted into a recording
signal of a predetermined format by means of the digital
signal recording/reproducing circuit 7. Then, the digital
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4

signal 1s amplified to a predetermined level by means of the
recording/reproducing amplifier 36 and 1nputted to the head
15 so as to be recorded on the magnetic tape 3. At that time,
the servo circuit 8 controls the rotation of the rotary head 1
to bring it into synchronism with a reference signal delivered
out of the digital recording/reproducing circuit 7. Also, the
CTL signal 1s recorded on the magnetic tape 3 by means of
the head 2 once a rotation of the rotary head 1 at a
predetermined timing.

During reproduction of digital signals, the servo circuit 8
controls the capstan 4 such that tracking can be optimized in
accordance with the level of CTL signal or reproduction
signal, as 1n the case of the operation during reproduction of
analog signals. Then, a digital signal reproduced with the
head 1b 1s amplified at the recording/reproducing amplifier
5b, inputted to the digital recording/reproducing circuit 7 so
as to undergo a predetermined process such as error correc-
tion and delivered out of the output terminal 11a.

In FIG. 1, the recording/reproduction of analog audio
signals and that of digital signals are carried out by using the
same head but obviously, they may be carried out by means
of heads which are independent of each other.

Referring to FIG. 2, there 1s 1llustrated a recording pattern
of one track at the time of recording of digital signals. A
sub-code recording area 103 records sub-codes such as time
information and program information, a data recording arca
107 records digital signals, areas 102 and 106 are preambles
to the respective recording areas, arcas 104 and 108 are
post-ambles of the respective recording areas, a gap 105 1s
interposed between the respective recording areas, and mar-
oms 101 and 109 are provided at opposite track ends.

A structure of one block 1n the data recording arca 107
shown 1n FIG. 2 1s depicted in FIG. 3. The data block

includes a synchronizing signal 110, ID information 111
such as a block address, data 112 and a parity (C1 parity) 113
for first error detection correction. For example, the syn-
chronizing signal 110 has 2 bytes, the ID information 111
has 3 bytes, the data 112 has 99 bytes and the parity 113 has
8 bytes, so that the one block has 112 bytes.

A structure of data for one track 1n the data recording arca
107 shown 1 FIG. 2 1s depicted in FIG. 4, with the
synchronizing signal 110 and ID information 111 omitted.
The data recording area 107 consists of, for example, 336
blocks and the data 112 1s recorded on precedent 306 blocks
and second error correction codes (C2 parity) 123 are
recorded on the succeeding 30 blocks. The C2 parity 123 1s
provided 1n a unit of, for example, 6 tracks. A data amount
for 306 blocksx6 tracks 1s divided by 18 and a C2 parity of
10 blocks 1s added to each of the 102 blocks. For example,
a Reed Solomon code may be used as the error correction
code. The data 112 of 99 bytes for each block consists of a
header 122 of 3 bytes and data 121 of 96 bytes.

Referring to FIG. 5, the timing during recording of digital
signals 1s depicted. A reference signal 21 and a recording
signal 22 are delivered out of the digital recording/
reproducing circuit 7 and a CTL recording signal 23 1is
delivered from the servo circuit 8 to the head 2. The
recording signal 22 delivered out of the digital recording/
reproducing circuit 7 1s 1n a predetermined timing relation-
ship with the reference signal 21 also delivered out of the
digital recording/reproducing circuit 7. For example, the
reference signal 21 1s delivered at a leading position of a
positive (+) azimuth track. Of course, the reference signal 21
may be delivered at a timing for another position. Instead of
the delivery effected once a rotation, the reference signal 21
may be delivered, for example, once a track. In the servo
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circuit 8, the rotation of the rotary head 1 1s controlled such
that the recording signal can be recorded at a predetermined
position on magnetic tape 3 1n relation to a criterion of the
reference signal 21. For tracking during reproduction, the
CTL recording signal 23 1s delivered to the head 2 once a
rotation at a predetermined timing so as to be recorded on
the magnetic tape 3.

FIG. 6 diagrammatically shows a recording pattern on the
magnetic tape 3. In the figure, reference numeral 24 desig-
nates one track and 25 designates the CTL signal.

Next, the operation during long recording/reproducing,
play for digital signals will be described.

During long recording play for digital signals, the speed
of the rotary head 1 is set to the same as that during normal
recording and only the travel speed of the magnetic tape 3
1s decreased to change the recording timing.

FIG. 7 1s a diagram showing the timing during triple long,
recording play. In this case, the travel speed of the magnetic
tape 3 1s lowered to Y5 of that during normal recording. On
the other hand, the reference signal 21 1s set to the same as
that during normal recording shown 1n FIG. §, leading to the
same speed of the rotary head 1 as that during normal
recording. The recording signal 22 is recorded every three
tracks. This ensures that the rate of signals to be recorded 1s
decreased to ¥ of that during normal recording but the track
pitch and the recording frequency can be identical to those
during normal recording. The CTL recording signal has the
same period as that during normal recording shown 1n FIG.
5 and 1s therefore recorded once a rotation of the rotary head

1.

FIG. 8 1s a diagram showing a recording pattern on the
magnetic tape 3. The CTL signal 25 1s recorded once a
rotation of the rotary head 1 and 1s therefore recorded thrice
2 tracks. But the number of recording operations per travel
time of the magnetic tape 3 1s the same as that during normal
recording and consequently, the travel of the magnetic tape
3 can be controlled during three times long time reproduc-
fion 1n the same way as that during normal reproduction.

During N-times long time recording other than the triple
long recording play, the recording signal 22 may be recorded
every N tracks. During odd-times long time recording/
reproduction such as three-times long time recording/
reproduction, recording/reproduction can be carried out by
using the same head construction as that used during normal
recording/reproduction.

FIG. 9 1s a diagram showing the timing during triple long
reproducing play. Illustrated in the figure are a reproduction
signal 26 reproduced with the rotary head, a reproduction
reference signal 27 and a CTL reproduction signal 28.
During reproduction, the rotation of the rotary head 1 and
the travel speed of the magnetic tape 3 can be set to the same
values as those during recording by controlling the rotation
of the rotary head 1 to bring 1t into a predetermined phase
relationship with the reference signal 21 and controlling the
fravel speed of the magnetic tape 3 to bring the CTL
reproduction signal 28 into a constant phase relationship
with the reference signal 21. At that time, the head scans
thrice a track. Accordingly, as shown at reproduction signal
26, the track 1s scanned correctly every three scanning
operations. Thus, the reproduction reference signal 27 which
assumes a high level every 3 tracks i1s generated. Then, the
level of the reproduction signal 26 1s detected when the
reproduction reference signal 1s high, and tracking 1s carried
out to maximize the detected level. The reproduction signal
having the maximum level 1s inputted to the digital
recording/reproducing circuit 7 of FIG. 1 to perform the
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6

reproducing process. The reproduction reference signal 27
may be formed by either the digital recording/reproducing
circuit 7 or the servo circuit 8.

Detection of the reproduction signal level and tracking

can be realized through a method similar to auto-tracking
described 1 JP-A-8-194988 mentioned hereinbefore. Dur-

ing N-times long time reproduction play other than the triple
long reproducing play, the reproduction reference signal 27
may be rendered high every N scanning operations.

Referring to FIG. 10, there 1s illustrated a flow chart
showing another embodiment of the operation during long
reproducing play. After start of reproduction (131), tracking
is first carried out through only CTL (132). Then, levels of
consecutive N reproduction signals are detected to decide a
position at which the maximum level is obtained (133) and
a reproduction reference signal 27 1s generated 1n confor-
mity with that position (134). Thereafter, by using the thus
ogenerated reproduction reference signal 27 as a criterion,
tracking 1s carried out on the basis of the reproduction signal
level such that the level of a reproduction signal at a position
taking place every N scanning operations can be maximized
(135). Through this, the tracking pull-in time during start of
reproduction can be shortened.

In the digital recording/reproducing circuit 7, even with-
out determining the position of the reproduction signal by
the reproduction reference signal 27, a position at which the
error 1s minimized by the error detection correction for the
reproduction signal can be determined as the position at
which correct reproduction 1s elffected. Regardless of
position, all signals (blocks) which can be reproduced with-
out error may be subjected to the reproduction process.

Referring to FIG. 11, there 1s 1llustrated, in block form, a
system 1n which the magnetic recording/reproducing appa-
ratus of the present invention i1s connected to a digital
broadcasting receiver to perform recording/reproduction of
digital broadcasting signals. The system comprises a mag-
netic recording/reproducing apparatus 200, a digital broad-
casting receiver 201, an antenna 202 and a display 207. The
digital broadcasting receiver 201 includes a tuner 203, a
de-multiplexer 204, a decoder 205, an interface circuit 2080,
and a controller circuit 208 for controlling the operation of
the digital broadcasting receiver 201.

A digital broadcasting signal received at the antenna 202
1s demodulated by the tuner 203 and a necessary digital
compressed video signal 1s selected by the de-multiplexer
204. The thus selected digital compressed video signal 1s
decoded mto an ordinary video signal by means of the
decoder 205 and delivered to the display 207. When the
received signal has been processed by, for example,
scramble, 1t 1s released from scramble by means of the
de-multiplexer 204 and thereafter subjected to the decoding
process. In recording, the de-multiplexer 204 selects the
digital compressed video signal to be recorded and infor-
mation concerned therewith. The thus selected signal and
information are delivered toward the magnetic recording/
reproducing apparatus 200 through the interface circuit 206
so as to be supplied to the digital magnetic recording/
reproducing apparatus 200 by way of an 1nput/output ter-
minal 108. A digital compressed video signal or the like
reproduced from the magnetic recording/reproducing appa-
ratus 200 1s delivered to the interface circuit 206 through the
mnput/output terminal 108. The interface circuit 206 applies
the input signal to the de-multiplexer circuit 206. The
de-multiplexer circuit 204 and decoder circuit 205 apply a
process similar to that during normal reception to the
received signal and deliver a processed signal to the display

207.
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Referring to FIG. 12, the magnetic recording/reproducing,
apparatus of the present invention 1s configured for high rate
recording/playback mode as shown therein. Heads 1c¢ and 1d
are recording/reproducing heads used during high rate
recording/playback mode. During the normal recording/
reproduction and in the long recording/playback mode for
digital signals, recording/reproduction is carried out with the
head 1b and during high rate recording/playback mode, the
travel speed of the magnetic tape 3 1s doubled as compared
to that during normal recording/reproduction and recording/
reproduction for two channels 1s carried out with the heads
1c and 1d each of which has the same azimuth angle as that
of the head 1b and has adjacently disposed positive (+)
azimuth and negative (-) azimuth heads. With this
construction, during high rate recording/playback mode,
recording/reproduction can be effected at a rate which 1is
twice the rate during normal recording/reproduction by
using the same track pattern as that during the normal
recording/reproduction and 1n the long recording/playback
mode. The adjoining heads of each of the heads 1¢ and 1d
are not always disposed 1n such a proximity relationship as
shown m FIG. 12. If they are not m close proximity to each
other, the timings for recording signals of two channels to be
described later may be displaced mn accordance with the
distance between positions at which the heads are mounted.
Of course, recording/reproduction at a rate of N multiple
other than the double rate can be carried out by adding 2N
heads. Further, instead of providing the heads 1c and 1d
independently of each other, only a head 15 may be used
provided that second + azimuth and — azimuth and heads
having different azimuth angles from those of + azimuth and
— azimuth heads of the head 1b are disposed adjacently to
the + and — azimuth heads of the head 1b. In this case, only
the head of the first azimuth angle 1s used during the normal
recording/reproduction and 1in the long recording/
reproducing play mode but recording of two channels 1s
carried out 1n the high rate recording/playback mode by
using the head of the first azimuth angle and the head of the
second azimuth angle.

Referring to FIG. 13, the recording/reproducing amplifier
5b of FIG. 12 1s constructed as shown therein. The
recording/reproducing amplifier 5b 1ncludes recording/
reproducing amplifiers 31, 32 and 33 for performing
recording/reproduction 1n association with the heads 1b, 1c
and 1d of FIG. 12, respectively, which are connected to
terminals 35b, 35¢ and 35d, respectively, switching circuits
34 and 52, an adder circuit 51, an audio signal input terminal
36, an audio signal output terminal 37, digital recording
signal 1input terminals 38a and 38b and digital reproduction
signal output terminals 39a and 39b.

During analog recording, an analog audio signal applied
to the mnput terminal 36 1s amplified to a predetermined level
by means of the recording/reproducing amplifier 31 and
recorded on the magnetic tape 3 by means of the head 15b.
During analog reproduction, an audio signal reproduced
with the head 1b 1s amplified to a predetermined level by
means of the recording/reproducing amplifier 31 and deliv-
ered to the analog/reproducing circuit 6 of FIG. 12 through
the output terminal 37. In the case of normal recording/
playback mode and long time recording/playback mode for
digital signals, a digital recording signal applied to the input
terminal 38a during recording 1s amplified to a predeter-
mined level by means of the recording/reproducing amplifier
31 and recorded on the magnetic tape 3 by means of the head
15. During reproduction, a digital signal reproduced with the
head 1b 1s amplified to a predetermined level by means of
the recording/reproducing amplifier 31 and delivered to the
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digital recording/reproducing circuit 7 of FIG. 12 through
the switching circuit 34 and output terminal 39a. In the
recording/playback mode, a reproduction signal reproduced
by the recording/reproducing amplifier 31 during reproduc-
tion 1s delivered to the servo circuit 8 of FIG. 12 through the
switching circuit 52 and output terminal 53, so that tracking
1s carried out such that the level of the reproduction signal
1s maximized.

In the case of high rate recording/playback mode for
digital signals, recording signals of two channels delivered
out of the digital recording/reproducing circuit 7 of FIG. 12
during recording are imputted through the i1nput terminals
38a and 38b of FIG. 13. Then, they are amplified to
predetermined levels by means of the recording/reproducing
amplifiers 32 and 33 and recorded on the magnetic tape 3 by
means of the heads 1lc and 1d of FIG. 12. During
reproduction, digital signals reproduced with the heads 1c
and 1d are amplified to predetermined levels by means of the
recording/reproducing amplifiers 32 and 33 of FIG. 13 and
delivered to the digital recording/reproducing circuit 7 of
FIG. 12 through the output terminals 394 and 39b. Repro-
duction signals from the recording/reproducing amplifiers
32 and 33 of FIG. 13 are added to each other by means of
the adder circuit 51 and a resulting signal 1s delivered to the
servo circuit 8 of FIG. 12 through the switching circuit 52
and output terminal 53, so that tracking 1s carried out such
that the sum of levels of the reproduction signals of two
channels can be maximized. Through this, optimum tracking
can be effected for tracks of two channels which are repro-
duced simultaneously. Alternatively, the levels of the repro-
duction signals of two channels may be detected 1indepen-
dently and resulting levels may be added together. Further,
tracking may be carried out 1n such a manner that both of
reproduction levels of the respective channels exceed a
constant level.

FIG. 14 1s a diagram showing the timing during double
high rate recording/playback mode. In this case, the travel
speed of the magnetic tape 3 1s doubled as compared to that
during normal recording. On the other hand, the same
reference signal 21 as that 1n FIG. 5 15 used during normal
recording. In other words, the speed of the rotary head 1 1s
set to the same as that during normal recording. In recording
signals 41 and 42, two tracks are recorded simultaneously.
This ensures that the rate of recordable signals can be
doubled and the same as those during normal recording. A
CTL recording signal has the same period as that during
normal recording 1n FIG. 5 and 1s therefore recorded once a
rotation of the rotary head 1.

FIG. 15 1s a diagram showing a recording pattern on the
magnetic tape 3. Since the CTL signal 25 1s recorded once
a rotation of the rotary head 1, it 1s recorded every four
tracks but since the number of recording operations per
travel time of the magnetic tape 3 1s the same as that during
normal recording, the travel of the magnetic tape 3 during
reproduction can be controlled in the same way as that
during normal reproduction.

Referring to FIG. 16, the digital recording/reproducing,
circuit 7 of FIG. 12 1s constructed as shown therein. More
particularly, the digital recording/reproducing circuit 7
includes modulator circuits 301 and 302, demodulator cir-
cuits 303 and 304, a recording/reproducing processing cir-
cuit 305, mterface circuits 306 and 307, a timing generator
circuit 308, recording signal output terminals 309 and 310,
reproduction signal input terminals 311 and 312, a digital
signal 1mput terminal 313, a digital signal output terminal
314, an mput terminal 316 for a recording/playback mode
control signal supplied from the controller circuit 9 of FIG.




US 6,349,012 B1

9

12 and an output terminal 315 for a reference signal deliv-
ered to the servo circuit 8 of FIG. 12.

During the normal recording and in the long recording
play mode for digital signals, a digital signal inputted from
the 1nput terminal 313 1s supplied to the recording/
reproducing processing circuit 305 through the interface
circuit 306. In the recording/reproducing processing circuit
305, the digital signal 1s applied with such a process as
addition of an error correction code to generate a recording
signal at the timing shown 1n FIG. § or FIG. 7. The thus
ogenerated recording signal 1s modulated by means of the
modulator circuit 301 and then delivered to the recording/
reproducing amplifier 5b through the output terminal 309. At
that time, delivery of output from the modulator circuit 302
1s stopped. During the normal reproduction and in the long
reproducing play mode for digital signals, a reproduction
signal inputted from the 1nput terminal 311 1s demodulated
by means of the demodulator circuit 303 and applied to the
recording/reproducing processing circuit 305. In the
recording/reproducing processing circuit 305, the demodu-
lated signal 1s applied with such a process as addition of an
error correction code and then delivered to the output
terminal 314 through the interface circuit 307.

In the high rate recording play mode for digital signals, a
digital signal mnputted from the mput terminal 313 1s sup-
plied to the recording/reproducing processing circuit 303
through the interface circuit 306. In the recording/
reproducing processing circuit 305, the digital signal 1s
applied with a process such as addition of an error correction
code similarly to the normal recording and long recording
play to generate a recording signal and the recording signal
1s distributed to two channels at the timing shown 1n FI1G. 14.
The signals of two channel are modulated 1n the modulator
circuits 301 and 302, respectively, and then delivered to the
recording/reproducing amplifier 556 of FIG. 12 through the
output terminals 309 and 310. In the high rate reproducing
play mode for digital signals, reproduction signals of two
channels 1mnputted from the input terminals 311 and 312 are
demodulated by the demodulator circuits 303 and 304 and
then supplied to the recording/reproducing processing cir-
cuit 305. In the recording/reproducing processing circuit
305, the digital signals are applied with such a process as
addition of an error correction code similarly to the normal
reproduction and long time reproduction and the thus pro-
cessed signals are delivered from the output terminal 314
through the interface circuit 307.

In the recording/reproducing processing circuit 3035, the
same process 1s carried out for any modes with only excep-
tion that the rate for processing is changed, so that either
generation or reproduction of data for track of FIG. 2 can be
ciiected 1n any modes.

The construction for double high rate recording/playback
1s 1llustrated 1n FIG. 16 but N-times high rate recording/
playback can be carried out by using N modulator circuits
and N demodulator circuits.

According to the present invention, long time recording/
playback for digital signals can be ensured by making,
during N-times long time recording, the rotation of the
rotary head and recording of the CTL signal identical to
those during normal recording to record a signal every N
scanning operations and by effecting, during N-times long
fime reproduction, tracking such that the reproduction level
of a reproduction signal reproduced every N scanning opera-
fions 15 maximized.

Further, high rate recording/reproduction for digital sig-
nals can be ensured by making, during N-times high rate
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recording, the rotation of the rotary head and recording of
the CTL signal identical to those during normal recording to
record signals of N-channels and by effecting, during
N-times high rate reproduction, tracking such that the repro-
duction level of each of the reproduction signals of N
channels 1s optimized.

What 1s claimed 1s:

1. A magnetic recording apparatus for recording a digital
signal on a magnetic recording medium by means of a rotary
head, comprising;:

a recording circuit recording said digital signal; and

a servo circuit controlling the rotation of said rotary head
and the travel of said magnetic recording medium,

wherein during N-times long time recording, the travel
speed of said magnetic recording medium 1s set to 1/N
of that during normal recording by means of said servo
circuit and said recording circuit records one track

recording data every N scanning operations of said
rotary head,

during N-times high rate recording, the travel speed of
said magnetic recording medium 1s set to N of that
during normal recording by means of said servo circuit
and recording circuit records N tracks recording data
every one scanning operation of said rotary head, and

in each of the N-times long time recording and the

N-times high rate recording, said servo circuit records

a tracking signal on said magnetic recording medium at

a period corresponding to once per rotation of said
rotary head.

2. A magnetic recording/reproducing apparatus for

recording/reproducing a digital signal on/from a magnetic

recording medium by means of a rotary head, comprising;:

a recording/reproducing circuit recording/reproducing
said digital signal; and

a servo circuit controlling the rotation of said rotary head
and the travel of said magnetic recording medium,

wherein during N-times long time recording, the travel
speed of said magnetic recording medium 1s set to 1/N
of that during normal recording by means of said servo
circuit to permit said recording/reproducing circuit to
perform recording every N scanning operations of said
rotary head and during N-times long time reproduction,
said servo circuit sets the travel speed of said magnetic
recording medium to 1/N of that during normal
recording, detects the level of a reproduction signal
reproduced every N scanning operations of said rotary
head at a predetermined timing and controls the travel
of said magnetic recording medium such that said
reproduction signal level 1s maximized to permit said
recording/reproducing circuit to reproduce the repro-
duction signal at that timing.

3. A magnetic recording/reproducing apparatus according
to claim 2, wherein during N-times long time recording, said
servo circuit records a tracking signal on said magnetic
recording medium at a period corresponding to once per
rotation of said rotary head.

4. A magnetic recording/reproducing apparatus according,
to claim 2, wherein during N-times long time reproduction,
said servo circuit controls the travel of said magnetic record-
ing medium such that the level of a reproduction signal,
which 1s reproduced every N scanning operations of said
rotary head at a predetermined timing in relation to a
criterion of a reproduction reference signal having a period
corresponding to once per N scanning operations, 1S maxi-
mized.

5. Amagnetic recording/reproducing apparatus according,
to claim 3, wherein during N-times long time reproduction,
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said servo circuit responds to said tracking signal to control
the travel speed of said magnetic recording medium such
that 1t 1s set to 1/N of that during normal recording, detects
one of N scanning operations which 1s for maximizing the
level of a reproduction signal and thereafter controls the
travel of said magnetic recording medium such that the level
of the reproduction signal at that scanning operation 1is
maximized.

6. A magnetic recording/reproducing apparatus according
to claim 2, wherein during N-times long time reproduction,
said recording/reproducing circuit also reproduces a repro-
duction signal other than the reproduction signal which 1s so
controlled as to have the maximum level by means of said
SErvo clrcuit.

7. A magnetic reproducing apparatus for reproducing a
digital signal recorded on a magnetic recording medium by
means of a rotary head, comprising:

a reproducing circuit reproducing said digital signal; and

a servo circuit controlling the rotation of said rotary head
and the travel of said magnetic recoding medium,

wherein during N-times long time reproduction, said
servo circuit sets the travel speed of said magnetic
recording medium to 1/N of that during normal
recording, detects the level of a reproduction signal
reproduced every N scanning operations of said rotary
head at a predetermined timing and controls the travel
of said magnetic recoding medium such that said
reproduction signal level 1s maximized so as to permit
a reproducing amplifier to reproduce the reproduction
signal at that time.

8. Amagnetic reproducing apparatus according to claim 7,
wherein during N-times long time reproduction, said servo
circuit controls the travel of said magnetic recording
medium such that the level of a reproduction signal, which
1s reproduced every N scanning operations ol said rotary
head at a predetermined timing 1n relation to a criterion of
a reproduction reference signal having a period which 1s
once per N scanning operations, 15 maximized.

9. Amagnetic reproducing apparatus according to claim 7,
wherein during N-times long time reproduction, said servo
circuit controls the travel speed of said magnetic recording
medium such that 1t 1s set to 1/N of that during normal
recording, detects one of N scanning operations which 1s for
maximizing the level of a reproduction signal, and thereafter
controls the travel of said magnetic recording medium such
that the level of the reproduction signal at that scanning
operation 1s maximized.

10. A magnetic reproducing apparatus according to claim
7, wherein during N-times long time reproduction, said
reproducing circuit also reproduces a reproduction signal
other than the reproduction signal which 1s so controlled as
to have the maximum level by means of said servo circuit.

11. A magnetic recording apparatus for recording a digital
signal on a magnetic recording medium by means of a rotary
head, comprising:

said rotary head mounted with a first head group including,

opposingly disposed heads and a second head group
including opposingly disposed N sets of heads;

a recording circuit having N recording signal output
terminals; and

a servo circuit controlling the rotation of said rotary head
and the travel of said magnetic recording medium,

wherein said apparatus has a first recording play mode 1n
which during recording, a recording signal delivered
out of one of the N recording signal output terminals of
said recording circuit during recording 1s supplied to
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said first head group to perform recording of one track
through one scanning operation and a second recording
play mode 1 which during recording, N recording
signals delivered out of the N recording signal output
terminals of said recording circuit are supplied to said
second head group to perform recording of N tracks
through one scanning operation.

12. Amagnetic recording apparatus according to claim 11,
wherein said servo circuit multiplies the travel speed of said
magnetic recording medum 1n said first recording play
mode by N to provide the travel speed of said magnetic
recording medium 1n said second recording play mode.

13. Amagnetic recording apparatus according to claim 12,
wherein 1n any recording play modes, said servo circuit
records a tracking signal on said magnetic recording
medium during recording at a period corresponding to once
per rotation of said rotary head.

14. A magnetic recording/reproducing apparatus for
recording/reproducing a digital signal on/from a magnetic
recording medium by means of a rotary head, comprising;:

said rotary head mounted with a first head group including,
opposingly disposed heads and a second head group
including opposingly disposed N sets of heads;

a recording/reproducing circuit having N recording signal
output terminals and N reproduction signal input ter-
minals; and

a servo circuit controlling the rotation of said rotary head
and the travel of said magnetic recording medium,

wheremn said apparatus has a first recording/playback
mode 1n which during recording, a recording signal
delivered out of one of the N recording signal output
terminals of said recording/reproducing circuit 1s sup-
plied to said first head group to perform recording of
one track through one scanning operation and during
reproduction, a reproduction signal reproduced with
said first head group at a rate of one track per scanning
operation 1s supplied to one of the N reproduction
signal 1nput terminals of said recording/reproducing
circuit to perform reproduction, and a second
recording/playback mode 1in which during recording, N
recording signals delivered out of the N recording
signal output terminals of said recording/reproducing,
circuits are supplied to said second head group to
perform recording of N tracks through one scanning
operation and during reproduction, N reproduction
signals reproduced with said second head group at a
rate of N tracks per scanning operation are supplied to
the N reproduction signal input terminals of said
recording/reproducing circuit to perform reproduction.

15. A recording/reproducing apparatus according to claim
14, wherein said servo circuit multiplies the travel speed of
saild magnetic recording medium 1n said first recording/
playback mode by N to provide the travel speed of said
magnetic recording medium 1n said second recording/
reproducing play mode.

16. A magnetic recording/reproducing apparatus accord-
ing to claim 15, wherein 1 any recording/playback modes,
said servo circuit records a tracking signal on said magnetic
recording medium during recording at a period correspond-
ing to once per rotation of said rotary head.

17. A magnetic recording/reproducing apparatus accord-
ing to claim 14, wherein said servo circuit controls, during
reproduction 1n said first recording/reproducing play mode,
the travel of said magnetic recording medium such that the
level of the reproduction signal reproduced with said first
head group 1s optimized and controls, during reproduction in
said second recording/playback mode, the travel of said
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magnetic recording medium such that the levels of the N
reproduction signals reproduced with said second head
group are optimized.

18. A magnetic recording/reproducing apparatus accord-
ing to claim 17, wherein during reproduction 1n said second
recording/playback mode, said servo circuit controls the
travel of said magnetic recording medium such that the sum
of levels of the N reproduction signals reproduced with said
second head group 1s maximized.

19. A magnetic reproducing apparatus for reproducing a
digital signal from a magnetic recording medium by means
of a rotary head, comprising:

said rotary head mounted with a first head group including,
opposingly disposed heads and a second head group
including opposingly disposed N sets of heads;

a reproducing circuit having N reproduction signal input
terminals; and

a servo circuit controlling the rotation of said rotary head
and the travel of said magnetic recording medium,

wherein said apparatus has a first playback mode 1n which
during reproduction, a reproduction signal reproduced
with said first head group at a rate of one track per
scanning operation 1s supplied to one of the N repro-
duction input terminals of said reproducing circuit to
perform reproduction and a second playback mode in
which during reproduction, N reproduction signals
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reproduced with said second head group at a rate of N
tracks per scanning operation are supplied to the N
reproduction mput terminals of said reproducing circuit
to perform reproduction.

20. A magnetic reproducing apparatus according to claim
19, wherein said servo circuit multiplies the travel speed of
said magnetic recording medium 1n said first playback mode
by N to provide the travel speed of said magnetic recording
medium 1n said second reproducing play mode.

21. A magnetic reproducing apparatus according to claim
19, wherein said servo circuit controls, during reproduction
in said first playback mode, the travel of said magnetic
recording medium such that the level of the reproduction
signal reproduced with said first head group 1s optimized and
controls, during reproduction in said second playback mode,
the travel of said magnetic recording medium such that the
levels of the N reproduction signals reproduced with said
second head group are optimized.

22. A magnetic reproducing apparatus according to claim
21, wherein during reproduction 1n said second reproducing
play mode, said servo circuit controls the travel of said
magnetic recording medium such that the sum of levels of

the N reproduction signals reproduced with said second head
group 1s maximized.
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